Six Japonica and three Indica rice samples were considered in this study. Total amino acid composition and protein digestibility were studied in relation to protein component while, amylose content, resistant and damaged starch were considered to assess starch characteristics. Results showed a comparable amino acid pattern and carbohydrate but different protein and starch digestibility. Due to the different botanical origin of samples, the amylose content raged between 15.5 and 25.2 g/100 g d. b. to whom corresponded a wide range of pasting temperatures determined by means of Differential Scanning Calorimetry. Principal Component Analysis, used to perform an exploratory data analysis, evidenced the contribution of some amino acids in recognising samples and this evidence could be usefully employed in breeding programs.
Introduction
Rice is the staple food for half of the world's population. It is currently the most rapidly growing food source in Africa. The rice proteins are rich in glutelins and have relatively high lysine content when compared to other grains. Rice is generally easily digested and absorbed by humans producing high glycemic response; however, genetic characteristics and technological processes can reduce the availability to the enzymic degradation so reducing the glycemic response (Casiraghi et al., 1993) .
There are more than 20 species of rice (Oryza genus) but only two species, O. sativa and O. glaberrima, offer an agriculture interest for humans. Among different varieties, there is a wide variability for grain shape, size, amyloseamylopectin content and endosperm colour and, although rice is cultivated worldwide (about 100.000 varieties), there is no universal rice quality attribute even though cooked rice texture represents one of the main quality factors. Concerning the nutritional properties, cultivar-specific differences in nutrients content, cultural practices as well as post harvest activities can be responsible for loss of nutrients. For this reason, nutrients content should be among the main criteria used in the selection of rice cultivars for use in areas of food insecurity (Fresco, 2005) .
Italy is the main rice producer in EU. However, Italian exporters have to face the increasingly competition of other rice exporting countries. Some difficulties for Italian rice exporters are due to the fact that traditionally cultivated rice types do not always suit the taste of the consumer from Central and Northern Europe: therefore, to meet customers' requirements, breeding programmes are in progress to produce indica-type varieties, long and not sticky, as an alternative to the so called Japonica-type (long or short but bold sized types) traditionally cultivated.
The first goal of the present paper was to provide additional data on the physicochemical and nutritional properties of rice flours and corresponding starch of some Italian rice varieties in addition to a common Indica variety cultivated in Italy (Thaibonnet). The second goal was to seek the most significant nutritional and technological factors able to recognise different rice varieties, independently from botanical origin and country of production, out of the experimental data. For this reason, some Indica rice samples, commercially available, and a parboiled sample were also considered in this study.
For the determination of in vitro protein digestibility, samples were digested by a multienzyme system consisted of trypsin, chimotrypsin and peptidase. The drop of pH caused by the enzymatic digestion under controlled conditions was used to calculate protein digestibility (Satterlee et al., 1979) .
Resistant starch (RS), which is the starch not broken down by human enzymes in the small intestine, was determined as described by McCleary et al. (2002) .
The damaged starch, determined on the purified starch, was measured according to the official procedure of AACC (1995, method 76-30 A) .
Thermal analysis Thermal measurements were carried out using a Perkin Elmer DSC-7 (Perkin Elmer Corp., Massachusetts, USA) differential scanning calorimeter. Rice samples and purified starch (about 0.002 g starch) were carefully weighed into an aluminium pan and a proper quantity of water was added (starch-water ratio1:2 w/w). The water amount was calculated considering the moisture of the sample. The suspension was gently stirred with a steel needle and the pan was closed, sealed and left to stand for 10 min at room temperature. After this time, the sample was put in the calorimeter previously stabilised at 30℃. The run was conducted in the temperature range 30℃-90℃ in a nitrogen stream (flow rate at 15 mL min -1 , heating rate 10℃ min -1 ).
The onset temperature (T o ), peak temperature (T p ) and enthalpy changes (ΔH ent ) were determined on each sample. Starch extraction Starch was isolated from different rice samples by alkali extraction of the protein. Rice grains (100 g) were left under stirring with 700 mL sodium hydroxide solution (0.1 g /100 mL) at 25℃ for 4 h. The supernatant was drained off and replaced with the same volume of alkali solution and the slurry was left to stand overnight at 4℃. After the liquid supernatant was eliminated, first distilled water was added and the sediment was gently ground in a waring blendor, then the slurry was filtered through a 100-200 mesh cloth. The cloudy supernatant and the sediment were separated by centrifugation and the sediment, containing starch, was washed several times with sodium hydroxide solution in order to remove the residual protein impurities. Finally, it was washed with water till neutralization and the middle white portion was recovered. The purified starch was dried in a convection oven at 40℃ for 48 h.
Statistical analysis Data are the average of replicate measurements. Differences between mean values were statistically evaluated by means of Tukey's test. Values, characterised by p < 0.05, were considered statistically different. Principal Component Analysis was performed on the covariance matrix after preliminary autoscaling of the variables by means of MATLAB 5.1 routine (MATworks, Natik,Mi-USA) written according to the algorithm reported by Gelady,
2002.

Results and discussion
Grain properties Rice kernel characterisation (type, rice grain classification, kernel length and width and lengthwidth ratio) are illustrated in Table 1 . Rough rice quality is influenced by grain shape, weight, bulk density, crack resistance and endosperm translucency. The FAO Commission, 1995 has classified rice into three grain-type categories based upon three different option kernel length: width ratio (L/W), kernel length (KL) or a combination of the previous two options. Italian rice is commonly divided into four categories (comune, fino, semifino, superfino) starting with the most humble to the best rice varieties (G.U., 2007). As results from the Table 1 , three classes were represented in this study.
Proximate composition Chemical (moisture, ash, proteins, lipids) and colorimetric parameters (L*, b*) are illustrated in Table 2 . Moisture (10.6-13.3 g/100 g) was determined in order to express data on dry weight basis (d. b). Ash content ranged between 0.35-1.60 g/100 g d. b, protein between 6.8-9.6 g /100 g d. b. and lipid between 0.7-2.9 g/100 g d. b. The protein content of milled rice is about 8.0 g/100 g even though varietal differences have been established (Juliano, 1988) . Our results agreed with this statement with the exception of samples BS and PC which showed a higher protein content (about 2 %) than other samples. The Japonica samples were characterised by a lipid content between 0.7 and 1.1 g/100 d. b. while in the samples TH, BS, PC (Indica), the lipid amount was between 1.4 and 2.9 g/100 d.b. The highest value found for the sample PC was due to the germ presence and residual outer layers of the kernel also confirmed by the high ash residue found (1.60 g/100 g d. b.). Rice is consumed in the form of whole intact grains: this means that general appearance is particularly important in judging the quality and colour is a property used as a criterion of quality. Milled white rice ranges in colour from white to dark grey decreasing in grade and value with darker colour. Among possible instruments for measuring colour of rice, reflectance measurements resulted quite reliable and compared with visual inspection. Our samples resulted clear and translucent as demonstrated by the general high L* (40.50-72.00) and the low b* index (8.10-16.54 0.37 ± 0.01 9.6 ± 0.1a 1.4 ± 0.1a 63.68 ± 1.20 8.14 ± 0.50 PC 10.6 1.60 ± 0.01 9.0 ± 0.1b 2.9 ± 0.2b 40.50 ± 1.66a 13.13 ± 1.18a PB 13.3 0.78 ± 0.01 7.0 ± 0.1 1.1 ± 0.1 52.30 ± 0.97b 16.54 ± 1.64b * kernel length and width are the average values determined on 10 grains. sample PC which significantly differs from others. Degree of parboiling, which is a measure of the extent of starch gelatinization, also tends to darken the colour of the rice. Therefore, the technological process is responsible of the reduced lightness and increased yellowness found for the sample PB.
Aminoacid composition The amino acidic pattern is that typical of cereals where aspartic and glutamic acid are the most abundant (Table 3 ,4). The endosperm protein is localised mainly in the form of large spherical protein bodies that are rich in prolamin (PBI) and crystalline protein bodies rich in glutelin (PBII) (Tanaka et al., 1980) . Rice has relatively good amino acid balance and a high content of lysine, which is the first limiting amino acid in cereals. Anyway, rice proteins are not nutritionally balanced when compared to the FAO amino acid pattern (FAO, 1991) . Rice glutelins constitutes at least 80 % of endosperm protein and have an amino acid composition similar to that of whole milled rice protein.
As results from the Table 3 , Japonica samples showed slight varietal differences as demonstrated by the general constant amino acid pattern. Among the Indica samples, which are illustrated in Table 4 , TH resulted generally different from the other two Indica samples as already observed for the protein content. Total essential amino acids (SEAA) ranged between 32.1-38-2 g /100 g protein for the Japonica samples and 32.1-36-6 g /100 g protein for Indica ones. Concerning the differences between the Japonica and Indica samples, slightly higher lysine and lower tyrosine seems to characterize the latter. This evidence could be related to the higher protein content in Indica which is positively correlated to the glutelin fraction; in particular, a higher lysine and glutamic acid content and lower tyrosine is typical of the major fraction extracted in iso-propanol-β-mercaptoethanol (Villareal and Juliano, 1978) .
Protein digestibility The milling process is able to remove some external components such as anti nutritional factors, the phytic acid and protease inhibitors from the kernel. As a consequence, in milled rice, the palatability and protein digestibility (PD) greatly increases. PD is usually measured by means of in vitro tests where enzymes, which are those of the digestive system, are employed in simulate physiological conditions. Many papers have underlined the limits of this procedure that makes results not fully comparable with those found in vivo. In particular, the fault is due to the possible buffer effect produced by some matrices. However, Table 3 . Amino acids and total essential amino acids (g/100 g prot).
In vitro protein digestibility (PD) of Japonica rice samples*.
* Results are expressed as mean and standard deviation of three determinations. ** Essential amino acids. *** Sum of essential amino acids. Means in the same row with different letter are significantly different (p < 0.05) most foods show a low buffer properties and this explain the good correlation found with in vivo procedures (Marletta et al., 1992) . In any case, in vitro test are suitable to evaluate samples of the same kind as those examined in this paper. Looking at the Tables 3 and 4 , PD data lowered from 86.4 % to 77.3 % as results of the different enzymatic ability to attack protein chains due to the kernel and/or protein structure. So, samples characterised by a hard and vitreous structure such as the samples BS and PC (Table 4) tended to be less digested (78.9-83.7 %) than the Japonica type (83.2-86.4%). The sample PB (Table 3) showed the lowest PD value as a consequence of the technological process applied. According to some authors, compared to Japonica, Indica cooked rice show less in vivo digestibility. This result could be rely on prolamins: in fact, some authors have estimated that about 20 % of rice prolamins in Japonica and 30 % in Indica varieties are specifically accumulated in the storage protein bodies PB1. These bodies have so rigid structure that polypeptides are hardly digested during their stay in the human digestive canal (Hibino et al.,1989) . Therefore, the higher prolamin content in PB1, observed in Indica samples, could be responsible for the reduced PD measured. However, according to a different interpretation, the different PD between Japonica and Indica samples could be due to the higher cysteine amount in Indica that obstacles the prolamin denaturation during cooking (Boisen et al.,2001) . Our samples showed a comparable cystine-cysteine amount with a slightly higher level, not always significant, in the samples TH, BS and PC (Table 4) . Concerning the PD test, it must be underlined that, although in vitro data are not fully comparable with those obtained by in vivo tests, especially on raw samples, they can provide useful information on the sample structure and contribute to discriminate among processed and unprocessed samples all the same.
Total and resistant starch Information on the glucidic component are illustrated in Table 5 . Rice starch appears to be quickly and completely digested and absorbed producing high glycemic response. However, factors such as the botanical source, home cooking and technological processes, in addition to starch particle size, amylose/amylopectin ratio, lipid-amylose complexes (Englyst et al.,1992; and analytical performances of chemical tests are able to affect starch digestibility (SD) in rice (Walter et al., 2005) . At the present time, there is an increasing inter- est towards resistant starch (RS) for its ability to lower the energy value and available carbohydrate content of foods and to behave like fibre accelerating the onset of satiation and lowering the glycaemic response (Nugent, 2005) . In raw rice, RS represents the small portion that is not accessible to enzymes; this means that, although this parameter is not sufficient to fully describe the starch digestibility, it can give a rough idea of possible structural differences between the samples under investigation. Our samples showed comparable total carbohydrates that ranged between 81.3-89.4 g/100 g d.b., negligible soluble carbohydrates and RS which ranged between 1.0 and 2.8 g/100 g d.b. Concerning this last, some differences have been evidenced although data obtained did not allow to distinguish between two subspecies. Among the raw samples, SE and PE showed the lowest and the highest RS content surely due to the different varietal origin Tetens et al.,1997) . Concerning the sample PR, the parboiling process induces the starch gelatinization resulting in a more compact starch structure. This new structure significantly lower starch digestibility with the consequent increasing of RS. According to our data, RS did not correlate to the amylose content as, instead, reported by Eggum et al. (1993) . However, other authors did not observe this correlation suggesting that factors such as the degree of cristallinity and other physicochemical properties are able to affect RS formation (Frei et al., 2003) . Thermal gelatinization characteristics Average DSC gelatinisation onset temperature (T o ), peak temperature (T p ) and enthalpy changes (ΔH ent ) measured on raw rice flours and corresponding purified starch are given in Table 6 . The consequences of the parboiling treatment on the behavior of rice, concern the physico-chemical changes that are mainly related to physical processes, like starch gelatinization and retrogradation, leaching of amylose (up to 10 % of the over- all amylose mass), denaturation and aggregation of proteins (Bello et al.,2006; Derycke et al., 2005) . For this reason, in order to get information on the starch structure, the sample PB was not examined by DSC. Residual protein and ash content, in addition to damaged starch, were preliminary determined on purified starch. Protein ranged between 0.17 and 0.44 g /100 g d. b. while ash were between 0.15-0.32 g/100 g d. b. Concerning the damaged starch, values found were lower than 7.0 g /100 g d. b. This last parameter was used to correct the sample weight (rice and starch) used for the thermal analysis.
The starch granule is defined in terms of amorphous and semi-crystalline growth rings. As results from papers devoted to establish relationships between starch structure and gelatinisation behaviour, it seems that this last is highly affected by amylose content, amylopectin chain length distribution and cristallinity (Vandeputte et al., 2003a) . T o and T p describe the "quality" of the gelatinization process in terms of double-helical length: in fact, long amylopectin chains require high temperature to be dissociated while short amylopectin chains facilitate the process. Concerning the amylose, the lipid-complexed amylose produce the underestimation of the amylose content because of the reduced iodine-blue colour development. For this reason, as recommended by Williams et al. (1958) , the amylose determination was carried out on defatted samples. As results from data displayed in Table 6 , rice flours showed a wide range of amylose content (15.5-25.2 g/100 g d.b), T o (58.00-73.09 g/100 g d.b.) and T p (65.99-77.23) values due to the different varietal origin. An upward trend in T o and T p values was observed in flours respect to starches which may be attributed to presence of protein and sugars that inhibit the gelatinization (Chungcharoen and Lund, 1987) . Comparing the rice flours, TH, BS and PC (Indica) always showed a higher T o and T p than Japonica types; this trend was also confirmed by data on purified starches. The sample PC showed the highest T o and T p followed by TH and BS. Higher T o and T p values for this sample both in flour and starch may be attributed to differences in amylose content and granular structure in terms of starch granule size and high degree of molecular order. Samples SE and AR showed comparable T p values (70.50 ℃ for SE and 70.55℃ for AR) but significantly different from the other Japonica samples. This fact can support the hypothesis that the latter have a more organised starch structure that makes them more similar to the Indica samples. According to some authors, gelatinisation temperatures are independent on amylose content for non waxy rice starches (Biliaderis et al., 1986) while peak gelatinisation temperatures of high amylose maize starches increase with the amylose content (Morrison et al., 1993) . This different behaviour was attributed to the lipid-complexed amylose (LAM) and free amylose (FAM) content in starch samples. So, while LAM is stable over the whole DSC gelatinisation temperature range and increases T p , the amorphous FAM decreases T p . As a consequence, FAM may decrease gelatinisation temperature of normal starches (Vandeputte et al., 2003b) . In this study, a significant correlation between the amylose content and T p both in rice flours (r 2 = 0.72; p < 0.01) and purified starch (r 2 = 0.68; p < 0.01) was found.
The gelatinisation enthalpy (ΔH ent ) is an indirect measure of the quality and quantity of starch crystals and ΔH gel reflects the loss of order within the granule (Tester and Morrison, 1992) . In cereal starches, crystalline regions within the starch granule are disrupted during the gelatinisation process. This effect seems to be related to the loss of double-helical order that is dependent on the amylopectin content because amylopectin plays a major role in starch granule cristallinity (Cook and Gidly, 1992) . In general, the higher is the cristallinity degree the higher is the enthalpy associated to the process (Sodhi and Singh, 2003) . However, also amylose plays an important role. The amylose acts in the hydratation of the amorphous zones and the amylopectin provokes the swelling of the granules (Tester and Morrison, 1990) . In other words more energy needs to initiate melting in the absence of amylose-rich amorphous regions. These facts could explain the relatively low ΔH ent accounted for the starch TH that had the highest amylose content (25.2 g/100 g d. b.) and, on the contrary, the high ΔH ent accounted for starches SE and, especially, BS that were characterised by a relative low amylose content (17.7 g/100 g and 18.3 g/100 g d.b.) and, as a consequence, a high amylopectin amount. Another factor, that can affect the enthalpy is the complex amylose-lipids that obstacles the gelatinization process. This interaction could be also responsible for the high enthalpy observed for the sample PC characterised by a high amylose content and the different values registered for the flours SA, AR, BS that, in spite of the comparable amylose content, showed different ΔH ent values. Comparing flour and starch samples, ΔH values were always higher in starches than in flours as already observed by other authors (Iturriaga et al., 2004) . Finally, not any significant correlation was found between the amylose content and the enthalpy changes although an undefined trend, that must be verified, was observed between the amylose content and the enthalpy values in purified starches. From the above it can be concluded how difficult is to establish relationships between the gelatinisation behaviour and the structural characteristics of starch.
Principle component analysis (PCA) To verify the classifying ability of properties examined, PCA was used to perform an exploratory data analysis. During last years, com-putational methods have been used to process data patterns in order to authenticate samples origin or variety (Marini et al., 2004; Brandolini et al., 2006) . In this paper we have applied the PCA in order to get information, where possible, on the quality traits of samples by means of those chemical and physical parameters which are generally used to characterise rice varieties. Three principal components, which accounted for 81 % of the total variance, were considered to be sufficient to describe the system. The statistical weights (loadings) of each variable and the relative variance accounted for the first three factors are listed in Table 7 . Figure 1 shows the score and loading plots obtained by PCA applied to the experimental data.
The graphical evidence is that samples can be divided into four groups ( Figure 1A) . Milled samples AR,PE,BA,SA, SE were grouped in the right upper part of the graphic characterised by positive values in all the three factors, samples PC and BS were grouped in the left upper part characterised by negative and positive values in the first and second factor and negative (BS) and positive (PC) in the third factor respectively. The sample TH, placed in the lower right part, was characterised by a positive value in the first factor and r. aCquiStuCCi et al. negative values in the other two factors. Examining the first factor, which accounted for the 43 % of variance (Table 7 , Figure 1A -B) the samples in the first cluster (AR, PE, BA, SA, SE) were mainly characterised by L*, TYR, VAL, THR and ILE. From the same figure also results that the sample BS was characterised by TLP, PRT, L/W, CYS, T o , T p and AMY, the sample PC by ASH, B*, ASP, LYS, ARG and ALA and the sample TH, which scored separately from the other samples, was characterised by L*, TSC, H and HIS. The first useful indication is that the system is able to distinguish between the two subspecies and within the same subspecie as also confirmed by the Cluster Analysis reported in Figure 2 . More in detail, the Indica samples, clearly different from the Japonica, also differ among them and are characterised by different parameters also including amino acids. The different amino acid pattern in rice of different botanical origin has been already observed by some authors who suggested using this information to assess specific breeding programmes (Wu et al., 2000) . Besides, some authors studying the genetic of amino acid content, demonstrated that, in Indica rice, essential amino acids are differently influenced by genotype and environment characteristics. (Wu et al., 2004) .
Factor
Conclusions
The study clearly demonstrates that many different factors affect nutritional and physical properties of rice. Concerning the nutritional properties, samples showed a comparable total essential amino acid pattern even though Japonica were characterised by a slightly higher PD than Indica varieties probably due to the prolamin fraction stored in the protein bodies PB1. Carbohydrates were similarly distributed in both varieties but different starch digestion rate was observed between the two subspecies. Samples were characterised by amylose content between 15.5 and 25.2 g/100 g d.b to whom corresponded a wide range of pasting temperatures as determined by DSC which is supposed to correspond to intrinsically different structure. Principal Component Analysis applied to perform an exploratory data analysis has evidenced the involvement of some amino acids in discriminating among samples and this result suggests that the breeding program planned out for improving the quality of Japonica and Indica rice should take into account also these parameters.
